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O
U

T
LIN

E

P
lasm

a
facing

surfaces
are

positioned
in

the
m

ost
crucialplace

in
the

quasi-stationary
fusion

(D
T

)
reactor,i.e.,betw

een

$

the
plasm

a

$

and
the

14
M

ev
neutron

energy
absorbing

layer.

T
he

conceptual
solution

for
the

plasm
a

facing
surface

affects
control

and
robustness

ofboth:

$

plasm
a

regim
e

and

$

the
entire

reactor.
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O
U

T
LIN

E

M
agnetic

propulsion
(invented

in
D

ec.
1998)putIntense

Lithium
S

tream
s

(20
m

/sec)
to

the
scope

ofthe
tokam

ak
research

and
resulted

in

a
conceptofLiW

alltokam
aks

LiW
allconceptintroduced

2
new

elem
ents

into
the

tokam
ak

fusion

1.
A

bsorbing
and

renew
able

plasm
a

facing
w

allsurface:

(a)
LiW

alls
and

energy
extraction

from
the

plasm
a;

(b)E
ffecton

plasm
a

energy
confinem

ent;
(c)E

ffecton
plasm

a
stability;

2.
YachtS

ailapproach
for

the
tokam

ak
fusion

reactor
design:

(a)...,...

O
nly

one
of

key
points,

i.e.,
the

pow
er

extraction
from

the
plasm

a
is

addressed
in

this
shortpresentation.
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1
LiW

alls
and

energy
extraction

from
the

plasm
a

Intense
Lithium

S
tream

s
(20

m
/sec)

have
extraordinary

pow
er

extraction
capabilities
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BCCED
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34 .56 78
G
C HBI J
K<?
LMN5O
P /0001 :
34 .56 78

; <>
G
Q RR

F
or

an
illustrative

exam
ple

they
are

S *
T R
?
U *
VHT R
?
, -(
.. G
Q HIXW
Y

R
Z
[\ V2 W
Y

R
Z^]_O ?
`-(
.. *2
9 ZS U, -(
.. G
VHQaY

even
w

ith
no

reliance
on

vortices
in

the
stream

s.

Intense
lithium

stream
s

can
keep

guide-w
alltem

perature
low

(250-300 D

C
)

at
the

neutron
w

all
loading

b
VC W
Y
c R
Z,

thus,
m

aking
w

all
surface

com
patible

w
ith

the
F

LiB
e

blanket.
(T

his
im

portant
reactor

issue
is

out
ofthe

scope
ofthis

presentation).
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1
LiW

alls
and

energy
extraction

from
the

plasm
a

(cont.)

Licoated
copper

w
all(1–3

cm
)has

extraordinary
pow

erex-
traction

and
R

E
S

E
A

R
C

H
capabilities.
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d

9:
; <> ?

LMN5O
P /0001 :
3d)> DMef
d

;=<>
?

g 34 .56 78
G
C HBI J
K<?
LMN5Oh i5 G
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j

F
or

copper

:
k e
G
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g ;=<> j k e
G
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3d)> DMef
d G
VC 34 .56 78
G2J
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%&
'(
) A
BCCED
F

L lMN5Onmm
h k e
G
VCpo
Q RR
G
Lk e

Itis
a

m
isinterpretation

thatIeversuggested
a

tokam
ak

experim
entw

ith
the

flow
ing

lithium
.

Litium
should

be
deposited

on
a

surface
w

ith
a

m
as-

sive
copper

behind
it.

C
opper

serves
tw

o
purposes:

(a)
as

a
stabilizer

of
the

plasm
a

facing
tem

perature
and

(b)
as

a
tem

porary
stabilizer

of
M

H
D

m
odes.
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1
LiW

alls
and

energy
extraction

from
the

plasm
a

(cont.)

M
ost

of
physics

and
technology

research
as

w
ellas

training
for

the
Li-

W
all

tokam
ak-reactor

can
be

done
exclusively

on
m

achines,w
hich

ex-
perim

entators
are

fam
iliar

w
ith

(starting
w

ith
C

IR
C

U
LA

R
cross-section

tokam
aks).

T
F

T
R

had

q-(
.. G
rC R
Z?

`7d(8
G2
C W
Y?
, -(
..M G
C HI W
Y
c R
Z

P
B

X
-M

(m
odified

for
the

Li/copper
w

allphysics/technology
studies,

in-
cluding

continuation
of

w
hat

w
as

term
inated

by
the

T
F

T
R

shutdow
n),

w
illhave

practically
the

sam
e

w
allloading

as
future

LiW
allbased

toka-
m

ak
reactor

q-(
.. G
QCts
2
C R
Z?

, -(
..M G
V s
VHQ W
Y
c R
Z

if
m

oved
to

the
T

F
T

R
cell

(assum
ing

sam
e

pow
er

of
N

B
I

w
ill

be
rein-

stalled).
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1
LiW

alls
and

B
urning

P
lasm

a
E

xperim
ent(cont.)

D
D

equivalentofLaw
son

criterion,upon
the

results
on

P
B

X
/D

III-D
class

ofm
achines,m

ay
be

dem
onstrated

on
tokam

aks
sim

ilar
to

T
F

T
R

(m
ight

be
slightly

non-circular)
w

ith
no

divertors
and

w
ith

the
Licoated

C
O

P
P

E
R

w
alls.

T
hen,

if
allow

ed,
a

very
lim

ited
N

of
D

T
shots

m
ight

be
designed

by
the

theory/exper.
com

m
unity

(as
F

u/N
azikian

did
successfully

on
T

F
T

R
)

and
fired

in
orderto

m
easure

everything
possible

aboutthe
alpha-driven

instabilities
in

the
burning

plasm
a.

LiW
all

concept
is

notsensitive
to

the
energetic

particles
deposition.

N
evertheless,

because
the

alpha
particle

instabilities
w

illbe
intrisically

in
the

tokam
ak

fusion
reactor,

it
is

im
portant

to
learn

about
them

as
m

uch
as

possible
during

the
pre-reactorleveloflim

ited
D

T
experim

ents.
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1
LiW

alls
and

B
urning

P
lasm

a
E

xperim
ent(cont.)

F
or

the
reactor

itself,
(w

ith
Intense

Li
stream

s),
nothing

seem
s

to
be

“dangerous”
in

an
unexpected

energetic
particle

deposition.

W
ith

the
energy

confinem
ent

tim
e

being
not

a
challenging

problem
for

the
reactor

ifitw
orks

in
one

ofthe
besttokam

ak
regim

es
(T

F
T

R
lithium

conditioned
regim

es,D
III-D

Q
D

B
H

-m
ode,low

recycling
LiW

allregim
e),

high
energy

alpha
particle

losses
m

ightbe
tolerable

or
even

good
forthe

additionalH
e

pum
ping.

“F
irst

hand”
inform

ation
on

physics
of

energetic
particles

(and
associ-

ated
instabilities)

from
the

burning
plasm

a
m

ightbe
crucialfor

optim
iza-

tion
the

reactor
operation.

Leonid
E

.Z
akharov,B

urning
P

lasm
a

W
orkshop,U

niv.
ofTexas,D

ec.12,2000,A
ustin

T
X

PRINCETO
N PLASM

A
PHYSICS LABO

RATO
RY

PPPL
8



1
LiW

alls
and

B
urning

P
lasm

a
E

xperim
ent(cont.)

W
ithin

the
conceptofLiW

alls,the
developm

enttow
ard

the
burning

plasm
a

relies
solely

on
experim

ents
w

ith
lithium

coated
solid

w
alls

(e.g.,
cop-

per
w

ith
an

interm
ediate

m
aterial,com

patible
w

ith
the

thin
Lilayer)

and

$

w
ith

recoating
Lisurface

betw
een

discharges
(w

hich
w

ould
give

sev-
eralseconds

for
dem

onstrating
burning)

or
by

continued
Lipellet

in-
jection

or
w

ith
a

D
O

LLO
P

-like
facility

(for
extended

length
ofthe

dis-
charge).

$

w
ith

M
H

D
stabilization

of
free-boundary

m
odes

at
high

betas
by

the
copper

shellw
ith

an
assistance

offeedback
system

.

T
hus,

m
ost

of
the

physics
of

the
burning

plasm
a

and
calibration

of
our

know
ledge

w
illbe

done
in

a
reliable

fashion.

F
or

the
future

tokam
ak

dem
o-

and,
then,

com
m

ercial-
reactors

this
ap-

proach
is

consistent
w

ith
m

erge
of

the
plasm

a
physics

w
ith

the
tech-

nology
of

the
Intense

Li
S

tream
s

being
developed

at
som

e
stage

in
a

parallelw
ay

(w
ithouttokam

aks).
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